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^§ (57) Abstract: A nonvolatilely reconfigurable logical circuit is built. It is a reconfigurable logical circuit based on the CMOS 
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i^y^f^^^:^. m^mnmm^^^mw^zmi^, voi. loi, no. ess, (2002) 

fe9^^^4^>^iV^, S R AMtC (Look Up Table (LUT) 

:^^) 7!)^^<um^tix\^^^o :z(Dmm-i. -ttsoM^^^m-e^ s LUT 

dr^x^-fy^ (^ryx.«^-«:5<i h7>'i^:^i5') {e: ± «9 ^M^I6?fe@ailT-^i^i--5 
(1^5 6 (A) ^m)o 
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T'^ns/T' (FF) (^5 6 (B))„ L U T (eiji, #;t e> tt;^A;tJ 

U'v?;^^}c:MtrlB'it-t-^fcS?>Op( ^ y (SRAM-fe/i') :d^^i^n^o IH 5 6 
(C) {J:fi2 A;^J^f5^iS^:dS||^-e$ 5 L UT|ll«&<^)^Jilr^ bfc„ 

j^^^anii^^ UT.ilSlllj^::^t2 s/jj^i;i^ca.-c2^^MO s (u^T, r vMO s j 

tWir:5) m^:^^Jt-mV1tm^(Om^t^fS:^tlX\^^^ (^J;tf^T. Shibata and 
T. Ohmi: IEEE Trans. Electron Dev. ED-39 (1992) 1444, and IEEE Trans. Electron 
Dev. ED-40 (1993) 750.. iSXXJ^mm^. — ^"irM^. tf'.fefP^ : = 

^mnmrn^^i^mm^m^, voi.99, no.48i, (1999) 79. #fii)„ vmos 

^<^^ailI8S«x V MO Sfllat^ffiV^fc 3 0(^5:/ i^x-^— iJ' 2 0 1 , 2 0 
3 RXf 2 0 5 V MO Sl»5t^ffiV^fc 1 0(^p< Vx^ — i?? 2 0 7 ^^ 

^^^5'>'^'fit3a5A;^ ^tb-So i^^^— 2 0 1 . 2 0 3. 2 

^tix\^^m^\^.^<D-( 1^ ^(D Atim-^^ n X h ^ .^mmim^ " i " 

A. BdSA;^-e. C|j (k = 0s 1. 2) i!}^mmin-^(DAtlX^^o wCDC 
^fcj; t). p«>f ^^'C i^/^ — iJ' 2 0 7 ^(DAtlt:mY^-t^:i tKX «9 . -ffi^O*)- 
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m^it. Co=c2= "1" . Cj= "0" t-r^t. "1" (Dm^om (a = 

B = " 0 " ) ^ . " 1 " <Dm:i!)^ 2 m (A=B = "1" ) Oitttl^ti;^^ "o" 
-t?. "1" (D^ifl^im (A or B= "1" ) (Dt^mt)7!)^ "l" <^XOR^ 

x^^<^>^^#fli-r5 %<D-efcS. LUTtCfiS RAM<lrffll/^<5fcJe>, SRA 

S RAM-fe/V/?)^b«^$tL:5fcJ?)^3:#< c^^d^ ( 2 A::^Mf5^SB^ 

JSfetc, V MO S %fflv>;/t^ay n 5^ ^ (^^®}J:ov>TlJ&5^-f 5„ ^(^^S 
^t7(i^X%^. 2 AtlXn^'^mtSm(DMO S F E T^t>' 1 4m<D^-Yy< 

^^^xm^^ti, i.uT:^^\:iit^x^i$^nm<om^mxm^(Dmmt:m^ 
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FETJ ^15^1-5,) <Z)#5t^JSr^i-^T*fct), 02 (B) vMOS (B) 

1113 (A) M'^yMO S F E T OS^S-fb ^ tvfc^^tt^^t-m-X? «9 . 

S3 (B) i^nm<D^—hmm^^^^^-rm'^h^o 

04«. ^2 (B) {c^-f vMO S b 7 Vv^;^<0|^i|#14^^t-S'efe i3 ^ 
1115(a). (b). (c)f*. ^th^tlEXEm^. E/D^^. CMOS^^ 

m o^^^j ^ ^-r 0 s o 

A N D / O R HI ^ ^ -ria § o 

1^8 F±> T^-Y — ^> a VM<^n^-Y^>'^M:^ fc'i^MO S F E T^^V^fc 
A N D / O R ©^(Oi&f^ ft jgi «::^'t-ST' § o 

m 9 fi. ^^^^V 3 VSOn^-Y^-^^M:^ tf i^MO S F ET^fflVNfc 

A N D // o R m^oma^^T' 5 o 

mi2^. AND/OR^tHc:oVNT^5^-r§^T-fc«9. SI 2 (A) ri 
Slf^*0^^-rS-C'$> !9 . SI 2 (B) J^iORHl^. SI 2 (C) JiAND 

sistt. xNORmm<oWii¥mm (a) t^s^t^ (b) ^^-rmxh 
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^ 1 9 fl. HI 1 8 i^^-i-M^<DM 1 (DWii¥ (A) t s MM^^ (B) -^fc 
13 2 0}*. El 1 8 l3:^i-Is)]^(Z)^2 Ottf^ (A) mmmm: (B) -efo 
1112 AND/OR(Hll^<DtEl^^^M^^-t-0t?fe-5o 

^2 2 (A) fi. la 2 1 i;:*5tts pl^iifit-r v/^— ^j'iTJ^tttr^i-^-efo 
1112 2 (B) fi^s^it^-e^So 

ii!2 3f*. 1112 2 (A). (B) iz.MJt--r^mx^^ . mm^m<t^-^r:im 

m 2 4 AND/OR/XNORlaISSotel^^Afe'0«J=Sr^i"0"^feSo 

^ 2 5 Ei 2 4 K^irm^(D Vin_n (OWli^^M^^-rmX^ ^ o' 

1112 6 ' (A) ti. m 2 4 {C^-r[ElS&(D|| 1 CQUjf^^^i-IllT'fo «9 . 1112 6 

(B) f*^a{it^r'fc5o 

1112 7 (A) i-i, m2 4\c^'rmB(Dm2 <Dmi^t:^-rmxhv ^ m2 7 
(B) i-iMmmmx-h^o 

1112 8 (A) 11 2 4 lC;^-r[ElS&0^ 3 c^Ujf^^^-rili-efe «9 . 112 8 

(B) itMmm^xh^o 

m2 9 (A) m 2 4 (Jl^f lHl3&<^S4 <^lijf^^^-t-0"T?fe 19 . El 2 9 

(B) {^^a^iE^-efcSo 

HI 3 0 Ji.AND/OR/'XORy'XNORlllS&(Dltj^^J^^i-jll"efc5, 
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05 0 J*. 04 8 »J::g^-r NORlHlj^^NANDIlIj^0^a^^"T?fe5o 
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05 4 (B) It. 05 1 (A) OKSiit^-efeSo 

05 7 (A) it. iiM(omm^Mmx^ ^-LUT tmwm^t^^h^^^/b 

05 7 (B) J*. l^UT tmm^ t^ItT^ (0-7 V ^y:^':^ u (FF) ib^h 

jfesnij^-e^ «5 , 05 7 (c) it. 2 xtiMmmik^^mm.x^ ^LUT^$^ 

0 1 (A). (B) ^mmvx:ipi^mKm^]Ei^(Dm:^mm^-D^^x-^-rm 
m^n^o 0 1 (A). (B) K^-rt-^izi. i^mmK^^mmit. ^^v„ 

it^.:tlim■^A. Bomi^^^x^^v . ^^(ommi^it^^'^-n^^^^o 

0 1 (A) \z.^iri:^\z.. m^m-P tJmmmQ(D^io{>^< kh—:^\c::^ 
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7 V ;^ ©a-fkil^S J: o -c ^ ^.f S V „ t: ^ 5 „ ^ 11° V b 7 ^ <^ ^'fb 

mi (B) {c::^-riHll^(t. Xti\^m\^<m^¥[n^Mz.2Xti(0 vMOS 
■r<5^K^^;^S7^^V^fc:^6. ^. b < «^^f>ftt ^ ti^fc: 2 A;^ <^ v MO S VvS 
a ^-^{^ A;^J »t ^ A ^ B T'^ X. S ^ i: -C^m^ # S o 

^T. ^fc'>'^7Vv?;^i?{^:ov^T> mo s F E tM;^ t:"^ > ^ ^'^^^ ^ 

(j£jLT> fj^^t-i^MosFETj fcs^-rso) ^m\^\^xnm-r^o ^^^^^^^ 
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1212 (A) ;^ tf:/MO S F ETtOlt5t^J^^-t-|lll?feSo HI 2 (A) 

i^l^irXoi^. ;^fc:*'>'MOS FET (A) i-t^ (MW i±i^m^^ 

xm"^ (DMo s F ET tmm<Dmm^^vx\^^^o sir. mmmi^(Dy—y^ 

:/r^7-('-9-'^ bX#< „ b-C^?^ti^m (FM) ^ffiv>^:^'a' 

mz.ii^-R a s h b a ^:i:tr^tii-?))o y-;^- Kl^-r VF^;5Sspff^>fl^^^ 
1^3 (A)S.T^^3 {'B)\Z.^ :^\f>MOS Y ET (OmMit'^Mc^^'^.^^ 

^-a^^ m^i;:;^ f^-MO s f e Tf4 o f FJbt^T-fcSo rttti;^i^vMO s 
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7b>mfl^J^^^o >^ tr VMO S F E T K V--r VS?Jfc;&53l^(?3MO 3 F E T t lH 

xi-i^-< < . ^^ff^^'fbT-fi^^'^ >'#^;iS/J^$v^:: ^m^-r 

5o J^T-e{*. tfVMO S F E T*5<tT^MO S F E T^D'J^-f >'^^^^-r 
F E T*5 J;tJ«MO S F E T(D<5^^ i^-^^^ jS Gi . ^g2* * 'PoN^T^t 

tC^^-rS). lO(^-^rV:/#^ /3oi^MV>T. ^;^t:°>'MOS F E T *5 J: 
tJ^MO S F E TfD'J^^ eGi=i3ij3Gi. i3 g 2 = 3 2 jS o i . /3 o 3 = 

3 3 i3 Gi 13 GN= 3 n3 Gi i:^»t?>o cio^^ i3 1 (= 1), 13 2. • • • 

;^ tr^^MOS F ET(Offl;b#tt:6SilS<^MO s F ET(Dm;tl#^4^ffiv^ 

T*m-e^>^eV^:^'g'%-^it)-C. MO S F ET*5 J;t;?;^ tfVMO S F ETlCl^ 

^{d, vMOS«5t{-oV^TIll2 (B) ^S:tJ«igl4^#figbooUfc0Ji-5„ 
®2 (B) K^irX^K. vMO S#5t<SrffiV^:fcMO S F ET (B) li. 

mi^i 1 i-^UTjf^j^^tbfcy— ;^ 1 3:s:t)« kv-t 5 <5^'— bi^^i^ 

2 0 tri/M-T^n— ^y^^— h 2 1 :^§iJ$tb:fe 2ooy'— h«ffi 1 
7 a 1 7 b a: SrWUTV^?>o _h3^0j:5l-> v MO S t^-^^— h 1 7 a . 1 
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112 (B) \Z.7iki- 2 Atl(D vMO Sm^^K^^^X . ^ Xi—y- -{ ^ ^ — V 

:/y i/^/lc j;oTVjg= (A + B) / 2 i ''.fc 9 A;^<50¥*&'fit't?^$n^o 1^ 

il^tc. 2A:^i^J::<^#A;tf (nA;^ (n>2)) (^^-a^-eii. vMOStCl^ n 

nt?^-CfcoT^^v>o iil4lJ:^-rJ: A=B= "O" O^-g-l^}*. 

-l'>'m«f5Iifi{5^A/fc*tiStLJ^<ev>„ A=B= "1" O^-^JCli. KW-l-^/S^ft 

v^-c^is A;bm#-A. B«. ^tt^i^KSlJ•f-s^e^^^;5s/^v^fcl^e). ^u<«^ 
-H-ft^ti^fc 2 A:^ vMO s «rfflv>S te: J; 0 < ®^^4-A;^i-€> 

vMO S«5t^^V^fcA:3^t. Ulli&^P .JrlHlS&i^Q UT. 

tfVMO S F E T i:MO S F E T;5^fe7'=e-5 E/E^^^ E/D«^. CM 
O S^^©-r ^5'1tat^ffiV^tb^^ AND/ORS^^RrtB^SlElS&:dS^ 

m-e%So ^5 (a), (b). (c)(i, ^tl^tlBy^Rm^. E/Dfllfife. CM 

o s«fife<?5-r ^#3t^ffiv>fc:AND/oR?¥^^Rrtg^aiiii^'e*>So 

eXTTf^s ^Rl?:#Ufc h^^-S^J^^IB^^ffiV^-Cx^t'^^MO S F E T fl:^ 
t" (i^Tl^il)o mXi-^y^if^'MO S F ETi-iEXEM^. E/D^^. CM 
O S«^<?5-^ i^^^— i?<^ri5^X^ :/n— K (Q2) {^:^v^TV^5^s. K7>r 
(Q 1) ^;^tfVMO SFET^UT%.fcV^„ "^fc^ Tt5'7">f:/a'-K (Q 
2) th^y-f^^ (Ql) (Z)M>^^:^ t°^MO S F E T w i t>"e% 5o 

A;^0 vMOS=^3tfiE/E«^^ E/D«^T*fi K7^^-^ (Q 1 ) iR'J{-M 
V^So CMOS#^-X?f*^ Q2 tQlK^M(D-:7U'-y'^ l^^^— h%:m\^^ 
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>- hMMO S F E T tv"^ yV l^mMO S F E T <!; ^ffi V^fcV^^s>^^ S 

O S F ET-C'g#m^-5„ K^^^-^^g#m:t5^^t-f*^>'''^^^^ ^ >^ 
M<0^ trV'MO SFET^. T ^ ^ zf^— K^g#il;t'5^'a tCt*7^-f ^ 

1; _,^g vM<?:>>^ tr>'MO s F E T^ffiv^?). vMO s^5tJi 

E/'E:P^t?(^:&^*;^fi 4 y<\^^\:^^n,BE\^X^xm\:^vx o 

1) AND/'ORlHlS& 

MO S FETt:fflV^fcAND/'OR|lIj^{^:-oV^-C^§g■t-So 0 7 ^^:*5V^T. 
T r 1 — ^/^O n ^-Y^/VM:^ tfVMO S F E T T?. R^jZlfj 

5o T r 1 Oy — ^ ^-^^ h ^;&5^^^^"CV^Sfcit). m 8 (^^^-e^-t-<J: 
5 Vm{3:^UTlS^b^:ft#fta:&S#bnSo T r 2<DXti\^ vMOS« 
^=I:^VN, -^(Diljf^t*^ 8 KWirnXfr^-ti^ 5 9 (A) l^X^W, 9 (B) 
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AO 0 1 
BO 11 


Vout 


mm 


1 


VoC'l") Vp("0") Vq("0") 


<K Q » te « « 


OR 


10. 


Vo("l") Vr("1") Vs("0") 




. AND 



O RE^fc b-Ctb-f^$^6#^(^J*. ^ f VMO S F E T ^R^tx^ibi^: 

T «0" ^^.e^o AX«B= "1" (RT, (A, B) = ( "1" , "0" ) * 
(A. B) = ( "0" . "1" ) ^ rAX«B= "1" J tmrn-r^) (Dt 



U ^ 99 



tf^^o A=B= "1 



u-c«^5SlgliJtM^(^>^#'^=e ^ni= 1 oc^^yt^J-i-So wt?. A = B= "o" 

Wi^M.^^n.'^^tfl^t>h\^tl Vout {4 "0" ir^ceSo AX}4B== 
«1" o?^:#-C'{4. «i'f^;^V„t4Vgi:^.C'!), Vout "0" i:'^i?>o A = 

B= "1" (Z>i:%-e(4, tijf^^v.tiVji: ffl;^ Vout {4 "1" ^^.eSo 

2) AND/OR/^XNOR|HlS§ 

|2 7(j:^-t-|Elj^(-XNOR=^tg^^'0;tfclHlSS^lll 1 0 lc^-r= X N O R 14. 
A3z:i4B= "0" ^A = B= "1" -ettAffi;^IB#:i5AND^^b<. A = 

B= "O" <73^tV,„j= "1" (V„= "0" ) ^>fe<5llJji&^5Q^^ t.-CaiiP 
^fL^o T r 3~T r 5*-e^S;e(^3i^)n]gi55>-T?fc^o -f i^^^-^ ^^^-T 5) 
T r 3 r 4 {4 ^-</V v-^ ^ ^ bT||&<o mil \Z.^-r 0 A=B = 
«0" (JD^t^^T r 5;dS^ii-rS {^l^^J^mtfi:^)o T r 5}4:^t:-^MO 
SFETTffeS^aS. iS^gO^'fttiT r lO 1;^#< 
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53z:«50ii-5o ^ffmit<om^-^i'i 0,i=5otfj:^. -t^±%^£mm 
(idhigh>^^^^^'^^^ ^¥fT?^'fb<^:>^'^^'J* ^„5=o- mmm.il 

j^^,M^^^{-/h^V^o El 12 (A) j6-billl4 (B) ^0 {-*5itS 



Pnl 


Pn5 


AO 0 1 
B 0 1 1 


Vout 


mm 


1 


0. 5 


Vo ( "1" ) Vp( "0" ) Vg ( "0" ) 


« Q » « ^ » " 1 


OR 


10 


0. 5 


Vo ( "1" )Vr ( "1" ) Vs ( "0" ) 


«Q» 


AND 


1 


50 


Vt ( "0" ) Vr ( "1" ) Vs( "0" ) 


" i" " o" " l'* 


XNOR 


10 


50 


Vu ( "0" )Vr ( "0" ) Vv ( "0" ) 


« » « » « » 


all " 1 " 



^-fHl 2:Sr#R^bTAND/OR^^^;::ov^-C^B«■t-So Tr 5%. K 

/-OR cmi 2 (B)) mm-^^^^h-h^-^^^o 
^\^^ xNOR^tif-ovNTEi 1 3 (A). (B) ^^mvxmm-ir^^ t 

r 5 ^^^T^^'fb}^:UTm^feKliJl^;^?r^^V^^l^B (^„5=5 0) t-U. Tr2 
fiAND^I^C<¥fTa^k (i3,i=l 0) {3:bT*3<o A=B= "l" . A 

A = B= "0" (Dt^\^. T r BOm^feldJigh^^^^ 

"i*. ^f^5(Eli4 (A). (B) )o :z(D^^(D<ii^mi-i. Wii¥M. 

3) AND/'OR/XNOR/NAND/NOR/XORat^ 
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Pn2 


Pn5 


^out 

A 
B 


0 
0 


0 1 

1 1 


Vout 

A 

B 


0 
0 


0 1 

1 1 




1 


0.5 


"0" 




1 " 


« 




«o" 


OR/NOR 


10 


0.5 


"0" 


"0" 


CC ^» 


a ^ » 


CC 


"0" 


AND/NAND 


1 


50 


u ^ » 


"0" 


c« ^ » 


"0" 




"0" 


XNOR/XOR 


10 


50 




CC 




"0" 


"0" 


«o" 


all" 1 " /all"0" 



V^^-i?' n =5=-^^/l-MMO S F E T t p ^^/t^/l-MMO S F E T <7)V>-r 
nd^-^^^t^^-MOSFET^i-S^^. *fc:i±iM;&a:^>;^f>-MOSFE 

1) M^BrT^^ v^^-^ 

gii6 (A) i^si^^it:5SRr^(D^^^-'-^coinis&0T'fcSo a^<^c 

MOS-I- W^-t5^<?5n^-r^/^MMOS FET i:. p^^^/VMO S FET 
Srp^^^/vM^t^^-MOSFETJzie^m^tfclHlI^-efeSo w:!"!?. p^ 
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(7?^n^tV-e 0 = 1 Xl^ 1 0 t u ^^^/l^^:^ l^'^-MO S FET CD^m 

S F E T . n ^ -r ^ ^ t:' O S F E T ^ {-l&fn^^ t?ibf^ U T ?> o 
n^^^wPS:tJ«P^-^^^l-<^^ ^i'^MO S F ETie:?5ittt5 K V--f ^^m^^ I a 



1 



rr-e. Var3- 3v. Vth = lVthpl =0. 5V^ liSPmvj„,^. 

2) AND/OR 

x^^^ (gHitfiVi„2=Vaj/2) -efcSo mi 8(c^-riH]^©ibf^4#tt^ii! 

19 (A) S:tJ«019 (B) KTT^-t. X KOm'i^X'^^. -^mtT 
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Ppl 


Fn2 


A 0 0 1 
B 0 1 1 


Vout 


mm 


1 


10 


Vo("l") Vp("0») Vq(«0") 


« Q " " 1 " 


OR 


10 


1 


Vo ( "1" ) Vr( "1" ) Vg ( "0" ) 


«Q» "Q** "l" 


AND 



2 - 1 ) OR 

^19 (A) i^rjmi9 (B) ^^fiab-coRiH]ssicovM:iJ£pj-r^o o 
^.b. A = B= "0" o^ti-fi. Sii^^v„f*Vo^>tc5r W;^v 

i-t "1" tf£^o A=B = 



out 



" 1 " (Dt^. Wii^j^v. 



2 - 2 ) AND 

1^2 0 (A) -RX^m^O (B) ^#MUTANDIHIS&^^:•OV^■r^0J■rSo 
Txl^^nmt (/3pi=10). Tr2^R^nmit (i3„2=l) {--Tao A = 

^tvX "O" tfa^. AX(*B= "1" (Dt^\^^^. i!,f^^V„{*Vj^7ict) 
"0" ^^^?>o A=B= "1" (Dt^T^\-i. tJ]#/^V„}:iVgi:^£ 

};i <^ ^-n- <^ i!j -(^ <^ ^ ^ ^ » 
2 - 3 ) O R 

-fli (/3„2= 1 0) i--f"5 13 2 2 (A) m^i-J: 5 t3:liaii'(l:f*Vi„^i= Vjj^y^, 
<vJ/'2 ir^jiSo E12 2 (A). (B) IIL^i-i^l^. A = B= "0" 
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2-4) AND 

121 2 1 {3:^•rls!l^&^-*5V^-C. Tr 1 tr^nmit ( 3 1 0 ) . ^^^trUit ( 3 n2 
= 1) i^-t^t, 1112 3 (A) {c:^-r<J: 5 l-^SII^f*Vj„,i= Vi„,ijigh> 

X2tfJ:^o A=B= "0" 0^#-e{i. Vfg= 0 T'fe^/5^fe, V^=Vq = 



out 



3) AND/OR/XNOR 

E2 4l^AND/OR/XNOR®^=Sr^i-o 1 OO^^i: 

mmX^^. XNOKU. A=B= "1" SlU^AX>^B= "1" OJ:#OA 
m^P>^f*ANDi:PCT% A=B= "0" <D t ^ (D ^AN D t Mti: . V 
^ « ^ „ (^^^ « 0" ) t ?fci^f^^V^„ ;icO#tg{*T r 3 . T r 4 . T r 

'5 (n^^^/vM;^t''>'MOS FET) ^ S HI S& ^ lUi^*^ Q ^ 

S;ii:l^J:oT^m$HSo Tr 3. T r 4 bfife^^ ^^^^-^ 
:7^) -C'tt. M^Vi„,3^^Vj,/2 J:OiS<^t^-^^•rv^So A = 

B = "0" (Dt^<D^. Vi„„= "1" Tr 5*5:^Vi-?,o ^KDTr 

503¥fT?Kjk^:S^=ff?^^kl-*5JtSm^5iSlgfttg^ ^„sO'^^t:f*T r 1. Tr 

t-r^o ^nmit ( 3 ^5= & o ) -cfetti^ +5>:>c# tam^mn ajigh) ^ss^sns ^ 
me 
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Pn2 


1 


AO 0 1 
B 0 1 ^ 


^out 
(V„(75I1R{C) 




1 
1 




0. 5 


VnCl") Vp ("0") VqC'O") 


iC Q » «< J » J 


OR 


10 


1 


0. 5 


VoC'l") VrCI") VqC'O") 


<C Q >J C« Q » <C 2^ » 


AND 


1 


10 


50 


VtC'O") VpC'O") VqC'O") 


M J » <« J » " 1 " 


all" 1 " 


10 


1 


50 


VsC'O") VrC'I") VqC'O") 


" 1 " 0 ** ** 1 " 


XNOR 



3-1) AND/OR (1112 6 (A). (B). 13 2 7 (A). (B) #R^) 
3-2) XNOR m29 (A). (B) #RS) 

c< Tri ^^nm^h (j3pi=io). TT2^K^nmi\:. (3n2=i> i-i^^-t- 

A=B= "1" . AXfiB= "1 "T-f*. T r 5 fiP^ir^M'^cfcO-eA 
ND^PCifjf^^^T^o A = B= "0" (Dt^i^T r 5 I djig,, 

■^m.^i^. v_= v.< V;..,, ^ - ^*^bv„„t= 



" 1 " tti:^o f*5. Trl Sr^ 



m • s - • inv2 ^ '* « w c v 

sptT^-fb (3pi=l>^ Tr2 tr^^T^-fl: (^„2=10). Tr5S:^tT^<b (3^5 
= 5 0) lc:UT*3< t. ^X(DAti^^i^ — >'\^^^^^oiit"" " ^ 
2 8 (A). (B) #m)o 

4) AND/OR/XNOR/XOR 

|g|3 0};i, AND/OR/XNOR/XORES&^lr^-ro XOR{4, A = 
B= "1" S:t)«AXt:iB= "1" (Dt^fOAmtim^i^O-Rtm'CX. A = 

B= "1" v„„t= "0" t^i^o U;fc355o-c» a = b = 
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Tr6. Tr7. Tr8 ( p t'^/MO S FET) T r 3, 

Tr4s Tr5 ( n ^ ^^l^M:^ t:° ^-M O S F E T ) ^^1=0^^1-^^^^-^ 
t?XORatg^S^0^'5- Tr6. T r 7 b ^ 6 ^ ^ ?i > P^liVi„,4 

;65V,,/2J:9l^<^t^-^H-CV^:5o -^(^^fcJ^). A=B= «l" i ^ ^ ^ 
V. = "o"' i:^^ 9 > T r 8*5:^Vi-S (® 3 Do 

Jl,,){^#^^^3:/^$V^. EI3 2 (A)> (B) S:tJ^gl3 3 (A). (B) Tr 8 

v^^Tj^-To mmn. tri r sjc^jsnsm^c^^x-fc^^ mmi^r r 2 

i:T r 5i:i!5fcttSmiiie<^^-e&5o f*i. I djow ^^^^ 
^6 



















^out 






Ppl 


Pn2 






A 0 




0 1 
















B 0 




1 1 










1 


10 


0. 5 


0. 5 




"0" 


"0" 


"0" 


CC 




OR 


10 


1 


0. 5 


0. 5 


ct » 






"0" 


"0" 


CC 9t 


AND 


1 


10 


50 


0. 5 


«0" 


"0" 


"O" 


« 2^ » 


« 




all" 1 " 


10 


1 


50 


0. 5 


"0" 




"O" 


« 


«0" 




XNOR 


1 


10 


0.5 


50 


Vo ("1") 


Vp ( 


"0") VjC'i") 


"0" 




"0" 


XOR 


10 


1 


0. 5 


50 


Vo ("1") 


Vr ( 


"1") VuCi") 


"0" 


"0" 


"0" 


all "0" 



4-1) AND/OR/XNOR 
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^(Dtcibm2 4(o\E\mtmmx^. Tri. Tr2, Tr 5 (O^^b^i^^ {mmm 

4-2) XOR (m 3 2 (A). (B)) 

Tr a^^^nmt (i3p8=50) l^UT, ^ O R 2: 1^ i:- < Trl 

tr^^nm^t (i3pi=l). Tr2^¥^Ta^b (i3„2=l 0). Tr5 ^ R^^^M^^ 

(J3„5=0. 5) lC^^UT*5<o A = B= "0" . AX{*B= "1" TM*. 
TR8«M>fe-efe?) OR^I^Clbf^^Sr-r^o A=B= "1" Tr 

Tr5 ^S¥fT?^'ft: (/3„5=0. 5). Tr8 ^ W^^ib ( /3 5 0 ) (c:Ut:*5< 
i:.^T<DA;^/^^-^i^^l^^v,„,= "o; (El 3 3 (A). (B)), 

5) AND/OR/XNOR/XOR/NAND/NOR 

5 f*. A-B= "0" O^-^O^^^^IfeUs V,= "O" iC-rSo T r 8 

A=B= «i" v„= "1" i^-r^o ^ti^nM-r^ 

NAND/NORfi. Ill3 0(DlD^-e^m-e%S„ 
E13 0^^:^-rIH]I^^C*3V^-C. Tr StXr 8 ^ i: ^> l-^^?^^^ C 3 ^5= ^ pS 

= 5 0) <??#-a'<?5ftf^;^sri2i3 s^^T^ias 4ic^-ro ^(DWii^^mriz^t 



Ppl 


Pn2 


Pn5 


Pp8 


AO 0 1 
BO 1 1 


Vout 
(V„ (DUE 131) 




1 


10 


1 0. 5 


0. 5 


"0" "0" 


«Q» «|^» 


OR 
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10 


1 


0. 5 


0. 5 






1 


U 


"0" 


"0" 


CC ^ » 


AND 


1 


10 


50 


0. 5 


0 




0 


U 


CC ^ M 


CC 


CC ^ >9 


all" 1 " 


10 


1 


50 


0. 5 


i€ y-» 97 

0 




1 


u 


J. 


"0" 


<« ^ 99 


XNOR 


1 


1 A 
iU 


n ^ 

V/ • u 


50 


« ^ » * 




"0" 


CC 


"0" 


CC ^99 


"0" 


XOR 


10 


1 


0.5 


50 


CI » 






" l" 


"0" 


"0" 


"0" 


all "0" 


1 


10 


50 


50 


Vt ( "0" 


) 


Vp ( "0" 


) VuC'l") 


CC ^ 99 


CC ^ » 


"0" 


NAND 


10 


1 


50 


50 


Vs ( "0" 


) 


Vr ( "1" 


) VvC'l") 


(( 2^ 99 


«0" 


"0" 


NOR 



5 - 1 ) AND/OR 

T r S^^^ff^^b (^„5=0. 5). Tr S^rS^tf^K-fb (^p8=0. 5) 
t-t^t. Tr5. Tr8 thmnti:(OX-^ HI 2 8 (D UlSg ^ ^#-e fo 6 „ 
5 — 2) XNOR 

5-3) XOR 

Tr 5^^^nmit (/3„5=0. 5). Tr 8 ^^^ffM^t ( ^ p8= 5 0) t 
-r^t. mS2 (A). (B) ^^MT'XORtCl^'.CSo 
5-4) NAND (11134 (A)^ (B) #RS) 

T r 1 ^^^nmit (^pi=i>^ T ^ 2^^^nmit (^„2= l O). T r 5 

^^fr^^-fb (^„5= 5 0). T r 8 ^^nmit (i3p8=5 0) i:i-^o A = B 

V^j,^= "1" i:n^So A=B= "1" <Ot%X\-i. T r 8 tJ: J: ^ tbT 

5-5) NOR (^35 (A). (B) #R^) 

Trl^^nmih (i3pi=l 0). Tr 2^R^nm^\^ (^n2=l)^ ^ 
^^T^-fb ( i3 „5= 5 0). Tr8 ^^^T^^fb ( 3 pg= 5 0 ) -T 5 o A = B = " 0 " 
<Di!%. T r 5lCj:<9:fe«^^^-CV„=V5<Vi„^2 V,„t= " 1 " 
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A=B= "1" Tr 8 iCl J: ^9 ^ V,= V,> V j„,2 ^ 

^3 0(DlHlB&-e«l^^^f*.MOSFET:dSl 0 . =^ ^ 2 5 , 

NOR^NAND.V„2-t?«XNOR.XOR. AND.OR. a 1 1 " 1 " . 
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E/D. CMO ^-^^-^^^^ l^^MO S F E T ^mn<DMO SFKTt 
1) NAND/NOR 

inT_loi' ' ' _ ^ »^ 

(DM^^^^s: "1/2" t-r^o m3 9Kmmmm^. ms\z.±mm^cDU 



« 8 • r 




v. 
^ mv 


AO 0 1 
BO 1 1 


Vout 


mm 


^inv_low 


VoCo") y^rin") VqCi") 


"l" **0" "0** 


NOR 


^inv„high 


VoC'O") Vp("l/2") VQ("r) 


"l" "l" "0** 


NAND 



A = B= "0" 
J:'9 V„„,= "1" 



. tfJl^o A=B- "1" (Om^iCi^. V„ = 



^ inoigh 



iJi o 

2) NAND/NOR/XOR 

|il4 olJlNAND/NOR + XNORHIS&^^i" 
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r 3. T r 4. T r 5 ( n ^ ^ ^wvM:^ ^-^M O S F E T ) "efeSo -<^T 
rsl*. ®1^.^(^)^SV^:|^S (i3„5=10) ^^SV^^^ (^a5=l) ^ 



Vinv- 


Pn5 


A 0 0 1 
B 0 1 1 


^out 

(v„olilJc) 




^inv_low 


1 


Vo ( "0" ) Vp ( "1/2" ) Vq ( «1" ) 


«0" "0" 


NOR 


^inv„high 


1 


Vo ( "0" ) Vp ( "1/2" ) Vq ( "1" ) 


"l" «j» "0** 


NAND 


^inv_low 


10 


Vo ( "0" ) Vp ( "1/2" ) Vr( "0" ) 


« 2^ » « Q » « ]^ " 


XNOR 


^inv^high 


10 


Vo ( "0" ) Vp ( "1/2" ) Vr( "O" ) 


CC J> <f J » " ^ " 


all "1" 



2-1) NAND/NOR (I1I42 (A). (B) ^M) 
tr^=^rsr i:;6ST'#S:fci?)M:^^^'^e^^ HI 3 7 cON AN D/N O R 

d_iOf 

2-2) XNOR (SI4 3 (A)> (B) 

^4 5^^^3V^TTr 5^ ^5=10^ ^ >^ Ollltt^ N O R C < 

V.„i„^Lri3<o A=B= «0" . AXJiB= «1" T't*. J.i^(^ J: 5 
Tr 5\t.mikt^mti:(DX-T^ORtmt^Wii^^'t^o A=B= "1" <^ ^ 

5 o 

$ /3„5= 1 0 . Vi„, 



out 



"1" t^^^. 



3) NAND/NOR/XNOR/XOR 

NAND/NOR/XNOR/XORlE3S&=Sr^4 4lC:^i-o XOR^. A 
= B= "1" :5tt/AXt*B= "1" <?5i: #<^Aiii;^M#f^NAND ^iHl^-e. 
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A = B= "O" (Dh^oyT^mfi^^^ V.„t= "0" T'feSo A = B= "0" (O 

fiiV^ pV-r^/l^MOTr 6. Tr7. Tr8 ( p ^ ^ ;!.7VM:^ ^MO 
SFET) n'^-Y^/V^M^^Tr 3. Tr 4. Tr 5 ( n ^ ^ M:^ 

^MOSFET) tnmm^m^^-^^t-r^^O-Rmmmi^^. ^cDTxS 

6. Tr 7(Dy-:^y:^^ritjE(D^-^^^'^'^^'^^^^^ A = B= "0" 

^-g-c^-^j^T r 8 d5:^>-t"So 

i^45«. Tr6i:Tr 7 <Dtt##i4^^ l^-C^S «!) > ^ H b V i„_p ^ 

^IfVMOSFET^S^^^tiX'fcttfiT r 6. T r 7 fi^i^^^^-e. Vj^ / 



^1 o _^ 






V- 


Pn5 


Pp8 


A 0 0 1 
B 0 1 1 


^out 


mm 


^inv_low 


1 




"O" "1/2" "1" 


"l" «g» "O" 


NOR 


Vinv_high 


1 




«0» "1/2" "1" 




NAND 


^inv_low 


10 




"O" "1/2" "0" 


« » « Q » « " 


XNOR 


^inv_high 


10 




«0" "1/2" "0" 


« « c< 2 » « w 


all " 1 " 


^inv_low 


1 


10 


Vn("l") Vpri/2») Vq("1") 


«0" "0'' "0" 


all "0" 


^inv_high 


1 


10 


VoC'l") Vp("l/2") VqC-i") 


"0** "l" "o" 


XOR 
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3-1) NAND/NOR/XNOR 
3 - 2) XOR 

T r 8 {± /3p8= 1 0. >f i/^.^- <^li^it«N A N D i: 1^ C < Vi„,jigh. Tr 
5fiP;^i:^<e^J:5 ^„5=l ^b-C*5<oA = B= "1" .AX«B= "1" 
-^{i_h5z&<Da; 5 (CT r 8{i^5Sfc-efcSfc8t)NAND^PICW){^^-r?)o A = 



Vout= "0 



4) NAND/NOR/XNOR/XOR/OR/AND 
13 4 4(?3|Hll^^. T r 5«A = B= "1" 0^#<^^^tgb^ V„= 

t-r^o ^fc. T r 8fiA==B= "0" <ot^(D^mmv. v.,= "1" ^i- 



" 0" 



rtt^^X.^^. OR/AND«Iil4 40llIS&<D^^T'^m-e#So IHSg't' 
(757^x^^x^^t*MOSFET 1 O i:. -Y ^ 2 ^ o I1I440. ^ „5 

= B .^10 (D^mmm^m 4 0 (a) i^^i-o i§i3 oc^iHii^fi^tt:^^^^^ 

^b^;?)S^?fe;5 2m^<?5^\fVMOSFET (Tr 1 ^Tr 2-t?«^Jx.J^l O 
o^/!)5. 1114 4 0D|lIiJ&-e{*ia«'^^l^'">'MO S F ET(^^■CJ:V^„ 







Pp8 


A 0 0 1 
B 0 1 1 








1 


1 


"0" "1/2" "1" 


(c » " 0 " " 0 " 


NOR 
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1 
1 


i 




"0" 




"1/2" 


CC » 




CC 


"0" 


NAND 


^inv_low 


10 


1 

Jl 




"0" 




"1/2" 


«o" 


CC » 






XNOR 


^inv_high 


1 A 

10 


1 
1 




"0" 




"1/2" 


"0" 


CC ^ » 


CC ^» 


CC 


All" 1 " 


V- 1 


1 


10 




1 " 




"1/2" 




"0" 


"0" 


"0" 


all "0" 


^inv„high 


1 


10 




€< 97 




"1/2" 




"0" 


(( ^ J» 


"0" 


XOR 


^inv^low 


10 


10 


Vo 


("1") 


Vp 


("1/2") 


Vr ("0") 


«o" 


"O". 


CC ^» 


AND 


^inv^higH 


10 


10 


Vo 


("1") 


Vp 


("1/2") 


Vr("0") 


"0" 


CC » 


CC ^» 


OR 



4_1) NAND/NOR (EI 4 6 (A)> (B)) 

3b5=1> i3p8=l ^"^^^^ T T 5. T r 8 % ^ >^.e <7> . ^3 TOlU 
4 - 2 ) XNOR 

4 - 3 ) XOR 
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